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WTND-TTWWIL INVESTI’2ATION OF 50NTROL-SURF’ACE CHARACTERISTIC5S

XIx - A DOUBLE FLAP WTTH AN OVERHANG AND

AN INTERNAL AEROD-YN.W1C BALANCE

By Robert B. Liddell

Wind-tunnel tests have been made in two-dimensional
flow to investigate the aerodyzmnic characteristics of
a double flap with an internal wd an overhang balance.
Three sizes of each t~e of balance were tested with
three relative rates of deflection of the two flaps.
An ??ACA 66-C09 airfoil having a O.SO-airfoil-chord
straight-contour forward flap and.a @.20-airfoil-chord
straight-contour rearward flap was used.

The test results indicated that a balanced double
flap produced the same lift 8s a single plain flap of
the same chord and also produced highly balanced hinge
moments. High lifts and.low hin~e ?~oments were obtained
with a double-flap arrangement if either an overhang or
an internal balance having a chord 50 percent of the
flap chord was incorporated on the forward flap. The
overhang-balance flap showed a lower value of the hin~e-
rroment.gradient due to flap deflection tb-anthe intern-
ally balanced flap.

INTRODUCTION

Previous work (reference 1) has shovm that greater
lifts with lighter control forces could be obtained by
the use of plain-flap small-chord control surfaces
deflected to a large angle than by large-chord control
surfaces with a smaller deflection range. The results
of reference 1 also showed that two small-chord flaps
deflected simultaneously in the same direction \’10Uldbe a
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combination that would give even better lift and hinge-
monent characteristics. Some method of incor?oratin&
aerodynamic balance must be found, however, since the
hinge-moment forces of the plain flaps are much too
large for these flaps to be used on high-speed airplanes.

A double flap with various amounts of either over-
hanS or internal balance and with different rates of
deflection of the two flaps has been tested to find
cut whetkmr the hinge moments could be reduced and the
lift characteristics of a plain fla? retained. A double-
flap arran&ement hav5ng somewhat lar&er chords than those
used in reference 1 was selected in order to obtain
Greater lift, especizily at lar,fiean@es of attack with
flap deflections or o?posite si~n.
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?he c~.ef’f’icients ~nd t~~ symbols used in this paper
defined as follows:

airfoil section lift coefficient (z/qc )

airfoil section profile-drag coefficient (do/qc )

airfoil secticn pitchin~-moment coefficient

(@W2)

section hinge-moment coefficient about forward-
~lap pivot point PI, shown in figure 1
f \

section hinge-moment coefficient about rearward-
flap pivot point P2,, shown in fi~urc 1

control-stick (or ~cd~l) hinge-mcment coeffi-

.
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airfoil section lift

airfoil section orofile draS

airfoil. seetion ~itchin~ .monmnt about quarter-
chord point o~ airfoil

forward-flap section hinge rf?owenta-aout ‘1 .

()‘lmax .control-stick (or pedal) hinge moment Ill
jo”

chord of basic airfcil with both flaps neutral

forward-flap chcrc?with rearward flap neutral

rearwlrd-flap chord

dynamic pressure (13 l’o/sq.tt)

chord of balance

angle of att=ck for airfoil of’infinite aspect
ratio

forward-flap deflection with respect to airfoil,
deuces

rearward-fla;) deflection with respect to forward
flap, degree~

rear-.mrd-flap deflection with res~ect to airfoil,
d.eErees (see fig, j); referred-to as ‘ltotal -
flap deflection’f (Ul + @
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For comparison, all slope values are measured at an

angle of attack and a flap deflection of 0° and therefore
apply to only a very limited portion of the data.

APPARATUS, NODEL, AND T5J3TS
.

The testiswere made in the N4CA k- by 6-foot vertical
tunnel (reference 2) modified as discussed in reference 3.
The 2-foot-chord by A-foot-span model was made of lami-
nated mahogany, except for the front flap which was steel.
The airfoil conformed to the HACA 66-0c19airfcil contour
forward of the forward-flap hinge axis and to a straight-
line contour behind this hinGe axis. The model was pro-
vided with a O.~Oc forward flap and a 0.20c rearward flap.
Tigure 1 shows the method used to connect the flaps to
each other and to the airfoil. ~he rear~~ard flap was
connected to the f.crward flap by a mechanism that allowed
the resrward fla~ to deflect one, two, or three times
as fast as the fors;ardflap; that is, d52/d51 equals
either 1, 2, or 3. Whe forward flap was provided with
three interchangeable ?Jlunt-noss overhang balances and
three interchangeable internal balances havin~ chords 25,
40, and 50 aercent of the forward-flap chord. The
arrangement; tested and pertinent mcdel dimensions are
shown in figure 2.
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The double-flap arrangement tesfiedis in reality a
flap with a large leading tab. The tab could have been
linked to the airfoil with a single cross-link correc-
tion. The model was made with the linkage system shown
in figure 1, however, end it should be noted that
points

‘1
and P2 are the actual flap pivot points

on the model and that the aerodyn~ic characteristics
are the ssme as ~or a 0.30c flap with a 0.20c leading
tab. The rearward-flap deflection and the rate of
deflection (mechanical advantage of rearward flap over
forward flap) can be obtained analytically. If x and
y are as indicated in figure 1,

and . .

(1)

dfi2 x Cos 51

~
(2)

= y Cos 62

The departure cf rearward-flap deflection and of rate
of rearward-flap deflection from linearity with forward-
flap deflection, as calculated from equations (1) and
(2), is indicated in fi~ure ~ for each linkage arrange-
ment tested. It may be noted that a linear rste of
rearward-flap deflection, and hence a ccnstant value
of d52/d51, throughout the deflection range was

db~
obtained only when # = 1; that is, when x = y. It

1 d52
may also be “noted that x = 27 for —

dbl = 2
and

dbo

L

The airfoil model when mounted in the tunnel com-
pletely spanned the test section. !7ith this type of
installation, two-dimensional flow is approximated and
section characteristics of the model can be determined.
The tests were made at a dynsmic pressure of 13 pounds
per sqllarefoot, which corresponds to an air velocity
of about 71 miles per hour et standard sea-level condi-
tions. The test Reynolds number was approxi-
mately 1,310,000. (Effective Revnolds number = Test

;qWWM!#lW!!l&~
,,’..:,.
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Reynolds number x Turbulence factor. The turbulence fac-
tor for the NACA ~- by 6-foot vertical tunnel is 1.93.)

.- .

With the internally balanced arrangements, the gap
between the forward flap and the cover plates was 0.005c.
The gap between the re~ward flap and the cover plates on
the forward flap varied with flap deflection. In all cases,
for both internal and -overhang balances, the gaps at the
nose of the balance on the forward flap and the gap between
the forward and rearward fiaps were sealed with thin sheet
rubber.

An experimentally-determined” tunnel correction was
applied to the lift. The angle of atteck and hinge moments
were corrected for streamline curvature of the flap that
is induced by the tunnel walls. The method used to deter-
mine these corrections..is similar to the theoretical
analysis of reference 4. Valuss of drag are subject to
an undetermined tunnel correction. The data were corrected
as follows: ....

c+ (=- 0.965 I 1)-0.007 CZT CZT

‘O
-= a.

T (
+ La CZT

)
+ KczTf

where Ch denotes any hinge-moment COeffi.CieZIt, c ZTP

is the tunnel lift coefficient produced by deflectiofi of
the flap (arbitrarily taken at aoT = -8°j, the subscript T
denotes a value from the tunnel, and K and F are con-
stants that are functions of balance arran~ements and are
given in the following table:

I 1 n

K 0.25

1 -0.68 0.008

2 -.72 -----

3 -.76 -----

RESULTS

O.io

0.007

.009

-----

0.50

0.006

.008

.011

.
.

.

.
.

Lift and hinge-moment characteristics are presented
in figures 4 to 15 foti~i’ac~$p’f;t~e””-angements of

eB~a- o
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balanced.double flap tested. Pitching-moment characteri-
stics are also presented in some of these figures for
the b~.lance arrangements having lift and hinEe-moment
characteristics that were considered reasonably satis-
factory.

!J’heeffectiveness and hinge-roment parameters in
table I are based on total flap deflection. The hinge
moments, as measured about the forward-flap pivot F1,
were transferred to the rearward-flap pivot F2. The
hinge-moment and effectiveness parameters thus are compar-
able for the various arrangements tested, regardless of
the rel~tive rate of deflection between the forward and
rearward, flaps,

Lift

The slones of ths lift curves are in agreement with
those measured from previous tests of the ITACA66-009 air-
fofl (refePence ~). At larpe positive flap deflections
for large negative angles of sttmk, Czfl becomes very
great regardless of balsmce type, size, ~r relative rates
of d.eflecticn of’the two flaps. This effect is chs.racter-
iStf.C Of small-chord fl&ps. Tkie shapes of some of the
lift curves st hi~h flap deflections are similar to those
of reference 5. The overhan~ balance would protrude well
into the air stream at high flap deflections and thus
cause air-flow separation.

The lift effectiveness a~~ decreases somewhat with
increase in dtQ/d61 for all types aild sizes of balance
tested (table 1), The decrease in effectiveness may be
accounted for by the fact that the forward flap has a
greater effectiveness than the rearward flap anti’as
d62/d61 increases the forward-flap deflection decreases
for a given total deflection bT. The more effective
flap thus moves more slowly and the less effective flap
moves faster. The effectiveness of the combination
should tb.ereforedecrease.

me decrease in a6T with Iner’ease in d~2/d~l is
. clearly evident in figure 16, which shows airfoil section

lift coefficient against total flap deflection as obtained
from figure 3. The sirrilarlty of the slopes sh~wn in fig-
ure 16 indicates that the lift of these double-flap comb-
inations is more nearl~ a I’unctj.onof the total flap

&@(!(!@iiwm~
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deflection than of either of the separate flap deflections.
For comparison, the lift coefficient of the 0.20c double
plain flap reported in reference 1 has been plotted in
figure 16. Even though e different airfoil section was
used, smaller-chord flaps produce less lift than the lar&e-
cb.ordflep for positive flap deflections at zero and
negative angles of att’ack - an attitl~decritical for a
horizontal tail. The small-chord flap, however, produces
even greater lifts than the large-chord flap Et hip>
positive angles of attack - an attitude usually critical
for a rudder. Figure 16 indicates that the flap with an
internal balance and the flap with an overhang balance
have about the same lift at the same flap deflection and
at = O? althciughtkeflapwith overhang balance showsa.
just slightly greater lift. Data for the 0.30c plain
flap of reference 5 are also presented in fi~ure 16 and “
the similarity of the lift characteristics and those of
the 0.30c doubls flap should W noted,

IKn,geMoment

The hinge-m~ment coefficients of the arrangements
of balanced double flap tested showed little change with
sngle of attack in the region of low anSle of attack
(figs. 4 to 15). The curves are typical of most low-drag
airfoils tested at low scale, however, in that they
rapidly become increasin~ly nonlinear beyond a = ~GOc

A negative value for ch2 is indicated for al? of the
a

arrangements except the 0.5CC1 overhang balance with
db2
— = I, for which Ch2a

. dal
was about zero (table I). The

fl&ps with a o.~os. or a 0.50c1 overhang balance tended
to have a nmre positive value of ch2 than the flaps

with an internal balance of equal aho~d. The value of

ch2a
becomes zero and sometimes positive at flap deflec-

tions other than 0° for most of the arrangements tested.

.
.

‘At large positive flap deflections and large negative
angles of attack, the hinge-moment coefficients change

.

rapidly from a large negative value to almost zero at
large negative lifts. This rapid change in hinge-moment
coefficient occurs in the same lift range and at the

.

same large flap deflection for which the slope ofthelMtcurve

CCNT’IDENTIAL



becomes excessively steep. This rap~d change of the
hinge-moment coefficient might cause reversal of control-
surface force but, in any case, tineforce required to
return the control surface “toneutral should be relatively
small.

Of the arrangements tested, the double flap with
either a 0.50cl internal or a 0.50c1 overhang balance has
values of ch low enough to warrant its consideration

2~
T

for an airplane tail control surface. The overhang
balance had a lower value of ch than the internal

2~T

balance. The value remains fairly constant up to large
flap deflections for the more usable arrangements.

The balanced dcuble flap and the linked-balance
flap are shown sche~tically in figure 17, which indi-
cates that a linked-balance arrangement may be con-
sidered a balanced double flap having coincident forward
and rearward flaps. By usinG the equations (see fig. 17)

and

J-

it is thus possible to compare the linked-balance flap
and balanced double flap on the basis of rate of flap
deflection d51/d6T.

The variation of the hinge-moment parameters with
rate”of flap deflection is shown in figure 18. Also
included for comparison are the curves for a 0.30c flap
with a 0.50c1 linked overhang balance (reference ~). An
examination

very little

is affected
arrangement

Gf figure 18 indicates that ch2 varies

a
with the rate of deflection whereas

ch25T

to a much greater extent. For the particular
tested, the parameters for the balanced

@&:~fi’~E&~~J!
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double flap are smaller than those for the flap with the
linked overhang balance.

The stick hinge-moment coefficients for the balanced
double flap with a 0.50c1 balance are shovm in fibwre 19
as a function of lift coefficient at three angles of
attack. The characteristics of the linked-balance flap
(reference 5), a 0,35c flap having conventional overhang
balance (reference 6), and a 0.20c double plain flap
~~~(~~;~ce 1] are also included in figure 19 for com-

The control stick was assumed to be limited to
& maximum deflection of 30°. The total flap deflection
was approximately 300 for all of the arrangements except
the double plain flap for which it was 600. By limiting
the total flap deflection as indicated, the curves are
nearly equal with respect to maximum lift. The curves
of figure 19 therefore take into account the mechanical
advantage of the system and extrapolation to a higher
lift coefficient would not be valid unless the slope is
increased. The curve for the double plain flap, presented
in figure 19(a), was taken directly from reference 1 for
d62
— = 1 and the hinge-moment coefficients were based on
d~,

a G.30c flap. Because this particular double plain flap
had a total flap deflection of 60° a higher lift coef-
ficient was obtained at 0° ~ven though the flap‘O =
chord was somewhat shorter.

Causing the rearward flap to move increasingly
faster than the forward flap generally increased the
stick hinge-moment coefficient for any particular value
of lift coefficient. The reverse was true with regard
to the double plain flap reported in reference 1. ThiS
apparent discrepancy might be explained in the following
manner: The decrease in hinge moment with increase in
the value of d52/d51 for the double plain flap is
indicative of an increasingly better camber for the air-
foil , By incorporating a balance that is attached to
the forward flap, however, the forward flap would move
more slowly as the rate of flap deflection d~2/d61
increased and therefore the balance would be less effec-
tive for the same total flap deflection. The curves of
figure 19(b) indicate that the linked-balance flap has
higher hinge moments and lower meximum lift than the

.“

.
.

.

.



11

dbl
balanced double flap with — = 0.50. From this com-

d5T

~parison,a leacling tab somewhat shcrtei- than the flap
chc~rdcauses a smaller hinge mo-ment for a given lift
than a l.OOC1 leading tab (linked overhang balance).

This fact mi~ht be explained by the more gradual curvature
of the air, the smaller peak pressures at the hinge axis,
and a smaller adverse pressure gradient, with a conse-
qllenti,al later separation of flow, for the balanced double
flap than for the linked-balance flap. Unpublished
results, ho~~ever, indicate that, for a leadin~ tab with
a chord a little sho~ter than 50 percent of the flap chord,
the hinge-rnonents increased at a more rapid rate than the
lift when the tab was deflected with. the elevator. The
arrangement is therefore Unsatisfactory. All available
data indicate that some intermediate chord would be the
optimum for the tab rather than a very smal: or a very
large chord. Whetb~er the ta-~c’herdused in the tests
reported herein is the optimJ_m is still indeterminate.
There are not enough data available, kowever, to deter-
mine the optimum chord for a large leading tab and
further tests are recommended to provide the data neces-
sary for finding the optimum Tlap chords and deflection
rates. The curves of a conventional overhang balance
that would be well balanced at small flap deflections are
shown for comparison in figure 19. The advantages of a
double-flap arrangement are evident.

.
Flap oscillation was noted for two arrangements of

balanced double flap over a portion of the range tested.
All ranges in wb~ch this oscillation of the flap occurred
are shown by dashed lines in the hinge-moment curves of
figures 4 to 15. This oscillation was similar to that
reported in refere~ce 5.

Increment of airfoil
caused by flap deflection
at a. = 0° is presented

Drag

section prof~le-drag coefficient
a~ainst total flap deflection
in figure 20 for all arrange-

ments tested. For small total flap deflections (und=r 200),
the type of balance had little effect on the profile-drag
coefficient for all arrangements tested. At large total
flap deflections, however, the flap with an overhang
balance had more drag than with an internal balance.
This result seems reasonable because an overhang balance .

,$J.g?$g&J&iJyw
A,
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tends to induce air-flow separation at high deflections
with a consequential i:ncreasein drag. At large flap
deflect~onsj the dzcagdecreases with an increase in
d62/d61.

The incremsnt @f airfoil section profile-drag
coefficient caused by flap deflection is shown as a
function of section lift coefficient in figure 21, in
which figures 16 and 20 have been combined and repotted.,
The relative positions of the internal-balance curves
are an indication of the amount of separation occurring
over the double-flap combinations. The upper surface is ‘
not broken by the protrusion of a balance that would
precipitate separation, as is the case with an overhang
balance. It is evident that, in the region of higher lift,
the resultant camber of the eirfoil when d62/d61 is

increased tends to produce a pressure gradier.t over the
airfoil which induces a’later and less pronounced separa-
tion than when the flapsmove at the s~me,rate. Corn-
parison of the drag plotted against lift for the short-
chord double plain flap of reference 1 and the longer-
chord internally balanced double flap of t?~epresent
report indicates that the profile-drag coefficient
for any particular lift coefficient was Generally some-
what higher for the do-uble-flap arrangement with the
short chord.

.

Pitching Moment

The pitching-moment curves are linear for small
flap deflections but change repidly with angle of attack
at large flap deflections. The rapid decrease in pitching-
moment coefficient at negative angles of attack and large
positive flap deflections in the same re~ion in which
values of hinge moment and lift change rapidly is char-

.

acteristic of ‘small-chord flaps. Pitching-moment para-
meters, measured from the data of figures L to 15 and
from some data not shown in these figures, are given in
table I. These values are ~ indication of the locations
of’the centers of lift caused by angle of attack and by
flap deflection.

.
.

.
.
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CONCLUSIONS

The results of tests of an NACA 66-009 airfoil with
a 0.30-airfoil-chord straight-contour double flap having
an overh8ng and an internal balance of various chords and
several rates of deflection for the two flaps indicated
the following conclusions:

1. The balanced double flap produced lifts about
equal to a single plain flap of the same chord and at
the same time produced closely balanced hinge moments.

2. High lifts and low hinge moments were obtained
with a double-flap arrangement if either an overhang or
an internal balance having a chord 50 percent of the flap
chord was incorporated on the forward flap. The data
also indicated that, for the arrangements tested, the
forward and rearward flaps should deflect at about the
same relative rate.

3* The relative rate of deflection of the two flaps
had a large effect on the hinge moment due to flap deflec-
tion and a small effect on the hin~e moment due to angle
of attack.

4. .The flap having an overhang balance showed a
lower value of the hinge-moment .syadient due to flap
deflection than the internally balanced flap.

5* The rapid change in hinge-moment coefficient at
large flap deflections and angles of attack of opposite
sign may cause reversal of control-surface force; however,
a relatively small force should be required to return tine .
control surface to neutral.

6. A double-flap arrangement incorporateing an
aerodynamic balance is a very promising arrangement.
Inasmuch as this double flap is merely a large leading
tab, its incorporation on the tail Of an airplane should
not present any particularly difficult problem. There

,

. “.
.
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are not enough data available, however, to determine the
optimum chord for a lar~e leading tab and further tests
are necessary to find the optimum flap chords and deflec-
tion rates.

Langley Me?norialAeronautical Laboratory,
lJationalAdvisory Committee for Aeronautics,

Langley Field, Va.
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TA3LE I

INFORMATION CONCERNING ARRANGEMENTS OF

BALANCZD DOUBLE FL+P TESTED

16

’62 Cla
cb/c1 ~ %T

Ch
2U

1
ch2,T fmc,)a ~%,),1 Fiwe

Internal balmce

0.50 1 0.099 -0.54 -0.0010 -0.0028 -0.194 0.011 4

co
●J 2 .096 -.50 -.0011 -.0037 -.190 .021 5

● 50 3 .092 -*47 -.0010 -,oo~ -.193 .017 6

.40 1 .100 -*53 -.0020 -.0053 -.184 ● 013 7

.40 2 .095 -.50 -.0020 -’.0054 _.~9~ .008 8

.25 1 .100 -*53 -.0029 -.0068 -.183 .007 9

I Overhang balance

0.50 1 0.099 -O*5O 0.0000 -o.oo2~ -0.193 0.005 10

.50 2 .098 -.4e -.0004 -.0037 -.213 .014 11

.50 3 .101 -.48 -.0006 -.0041 -.213 .006 12

.40 1 .098 -.57 -.0016 -.0054 -.190 .015 13

.40 2 .097 -.52 -.0015 -.oo5~ -*~97 .015 14

35 1.& .103 -.52 -.0030 -.0074 -.192 .006 15 ;

NATIONAL ADVISORY
COMWITT!EE FOR AERONAUTICS

CONT’TDENTI’AL
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